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The occurrence of flashback, when the supply of f u e l  
gas t o  certain "cr i t ica l"  appliance burners is quickly shut of f ,  is con- 
sidered from the viewpoint of theoret ical  treatzzents of f M e  quenching. 
This phenomenon m y  present a restr ic t ion,  in gas u t i l i t y  practice, on 
the proportion of a last-burning gas which may be m e d  with a slow-burning 
base f u e l  gas such as natural  @s t o  supply peak loads. 
indicates that t h e  occurrence of flashback on shutoff conforms with the  
theory of flme quenching. 
appliance burner and f u e l  supply from data readily determined in *he 
laboratory. 
appraised with confidence. 

Experinen+& work 

Its incidence can be predicted for a given 

Measures available t o  remedy f i e l d  conditions nay then be 
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One of the most annoying variet ies  of consumer's service complaint encountered 
by gas u t i l i t y  companies, when it i s  necessary t o  supplement a slow-burning base 
supply fue l  gas by mixing w i t h  it a substantial  proportion of a fast-burning gas, 
is the  occurrence of flashback when the supply of gas t o  the  burner is quickly 
shut off .  This  flashback is  often accmpanied by a loud explosive noise, usualJy 
referred t o  as "noise of extinction." 
on the volune of explosive air-fuel  mixture enclosed by the burner head, &though 
it is influenced also by the conposition of t h e  air-fuel mixture and the nature of 
the  fue l  gas. The noise can be loud enough t o  be frightening t o  a consumer when 
it occurs in a large househeating burner, or in a water heater burner. 
however, there is l i t t l e  re la ted hazard, since it occurs when the burner is shut off. 

The loudness of the  noise depends largely 

Fortunately, 

The probability of encountering th i s  type of unsatisfactory performance, when the 

Certain burners, known through experience 
supplementaq gas is included in the f u e l  dis t r ibuted to  consumers, has in the past 
been tested empirically and qwl i ta t ive ly .  
t o  be "cr i t ical ly"  responsive may be used as t e s t  burners. 
customary manner when supplied with the  base gas. 
s t i t u t e  or supplementary gas mixture, it is  ObSeNed whether or not flashback an 
shutoff occurs. 
appraised quantitatively,  t o  evaluate the effect  of gas composition on its Occurrence, 
t o  determine whether or not any burner w i l l  exhibit  it, or  w h a t  adjustment can be 
made t o  a l lev ia te  the trouble. 
of most contemporary gas appliance burners allow them t o  operate sat isfactor i ly  be- 
yond the range of t h i s  type of flashback. 
burners in current use t h a t  the  phenomenon can present an undesirable l imitation 
t o  the proportion of the  supplementary gas w h i c h  may be dis t r ibuted during p e a k - l d  
periods. 

They a r e  adjusted in the 
Then, when supplied w i t h  the sub- 

No other t e s t s  have been devised by which this behavior can be 

It is fartunate that the design and normal adjustment 

However, there are enough "cr i t ical"  

I n  t h i s  report t h e  results of theoret ical  considerations and of same experiments 
a r e  presented, which it is  believed c la r i fy  our understanding of this phenomenon. A 
quantitative method for  measuring the tendency of a fue l  t o  f lash  back on shutoff is 
proposed, which, when combined with port dimensions of any appliance burner, will in- 

'd icate  the air-entraining adjustment which w i l l  prevent flashback and noise af ex- 
t inct ion.  

Theoretical Background 

Flashback on quickly shutting off the  f u e l  supply t o  a burner occurs because the 
velocity of the combustible mixture through the  ports is suddenly brought t o  zero. 
The composition of the  air-fuel mixture in the burner head will be detelmined by the 
air-shutter adjustment and the gas density jus t  p r i o r  t o  shutoff. 
t h a t  if the burner cock of the ordinary atmospheric burner is shut aff slowly the  
proportion of air  entrained decreases gradually as the f u e l  f l o w  decreases. 'The 
si tuat ion d i f fe rs  importantly, however, w i t h  a quick shutoff, in  that the  air en- 
t r a ined  and remsining i n  the burner head is the maXirmrm value permitted by the a* 
shutter adjustment. This should be kept in mind, since it different ia tes  as Well 
between the behavior of cer ta in  appliance burners w h i c h  are contrdlled by the 

It should be noted 

and bY S-P-Wting thermostats, respectively. 



Consider a bunsen flame s tabi l ized above a cylindrical  burner port. Quickly 
but smoothly stop the flow of ccqnbustible fue l -a i r  mix tu re  through the port, as by 
turning off t h e  burner cock. The flame w i l l  be quickly reduced ia size  u n t i l  it 
becomes nearly flat across the port . .  It will  then ei ther  f lash  back through the 
port, or w i l l  be quietly extinguished, depending on the composition of the f u e l  and 
fuel-air mixture and on the  diameter of the  port. 
c r i t i c a l  s ize  the flame w i l l  penetrate the port; Lf it is less than the  cri t ical  
size the flame will be quenched. 

If the diameter exceeds a certain 

These observations are in accord v i th  nodern theories of fLeme stabil izstion.(5) 
For -le, according t o  a thermal theory, heat froan the canbustion zone or flame 
f ront  flaws t o  the colder burner port w a l l .  cooling the flame in the region near the 
port rim t o  such an extent t h a t  the burn- velocity is reduced and a t  sane point 
in that region becomes equal. t o  the loca l  flow velocity. T h i s  stabi l izes  the flame 
at the part. 
exists, wherein the fleme is quenched, referred t o  as the "queoching zone." Its 
effective width is denoted as the "quenching distance." If the s ize  of the  flame 
is reduced, its area becoming smaller, a c r i t i c a l  area be reached, de?ending 
on the stream or por t  diameter, a t  which the heat released in the ccdus t ion  zone 
is equal t o  that which flows t o  the w a l l s  and there is no excess available for 
self-propagation. If, on the other hand, the port diaraeter is large enough, so 
that when the flame is at minimum s ize  there i s  suff ic ient  energy released in 
excess of that flowing t o  the wal ls ,  the flame surface w i l l  penetrate past the 
rim and continue t o  burn w i t h i n  the cylindrical  part, i.e., w i l l  flash back through 
the port. 

' 

There is then near the rim a region in w h i c h  temperature gradient 

Because of the  s imilar i ty  of heat conduction and active par t ic le  diffusion 
equations, it is possible t o  derive equivalent conclusions by considering the 
quenching action as the destruction of flame propagating chain car r ie rs  by the 
burner port w a l l .  It seems likely that in r e a l i t y  a combinatian of both processes 
may be occurring. 

Expressions for the  W i t u d e  of the quenching distance and of the critical 
tube diameter have been deduced theoretically.  
distance is given by Friedman(3) as 

One equation for the quenching 

Unfortunately, the simplifying assumptions introduced, and uncertainties in pro- 
per t ies  of gases a t  higher temperatures permit only approximste values of x t o  be 
CdlcULated. Many comparisons w i t h  experiment, however, amear  t o  provide sufficient 
basis for the  belief that the fornulation of the quenching phencmena is basically 
correct. 

It is the  purpose here t o  indicate the prac t ica l  u t i l i t y  of quenching data, and 
in particular of measurements of the c r i t i c a l  port diameter and its variation with 
a i r - fuel  mixture camposition for different fuels .  It will be shown t h a t  flashback 
and noise of extinction WFU occur when the proportions of a i r  and fuel in the ccm- 
bustible mixture are such that the flame is not quenched at the port rim. 
occur most readily with fast-burning gases. 

This w i l l  

Experimental Work 

The apparatus consisted essentially of a WS manifold t o  vhich were connected 
seven glass burner tubes, 6 to  8 inches long, having naniml inside diameters 2, 3, 
5, 8, 10, 12 and 15 5. A t  the M e t  end of each burner tube a 2 m a  bore glass 
stopcock was inserted. A premixed fuel-air mixture was supplied to the manifold. 



The composition of air-fuel mixtures was determined which would Just fail. t o  
f lash  back through the tubes of different  diameters, that is, which would just be 
quenched by the respective tubes. Several different  fue ls  were used, supplied in 
conpressed gas cylinders. These a re  l i s t e d  with the i r  properties i n  Table I. 
and a i r  were separately metered by d i f fe ren t ia l  f l m e t e r s ,  and mixed a t  a T- 
connection immediately before entering the burner manifold. i 
and air, in addition t o  the t o t a l  flow rate, were adjusted and controlled with needle' 
valves at the  flowmeter inlets .  A head of water in a sui table  bo t t l e  connected t o  
the manifold out le t  determined the mixture pressure a t  the burner inlets ,  since an 8 

excess of the  mixture was always allowed t o  escape the overflow bot t le .  

1 Fuel 

Proportions of fue l  

A 

TABLeI  

Fuel Gases 
Specific Gravity, Heating Value, $ Gas i n  1 

(Air = 1.0) Btu/SCF Stoichiometric Mixture 

Methane* 0 -554 1013* 9.5* 
Ethane*. 1 .Ob9 179P 5.65* 
Propane+ 1.531 2590, 4.0& 
Ethylene (anesthetic 

gade - 99+Z) 0.974 1614* 6.55* 
Propylene+ 1.45 233e 4.46* 
N a t u r a l  Gas 0 -594 1046+ 9.24i 
Synthetic Mixture 0.564 1026+ 9.7% 

( H z ,  24.4%; CH4, 
45.1%; C H4, W0.3$; 
COZ, 0 . A  

* From "Gaseous Fuels," American G a s  Association, New York (1948) p. 118. 
i Calculated from analysis. 
$ Technical grade - purity 95% or bet ter .  

. A combustible m i x t u r e  of approximately the  desired proportions was admitted t o  
t h e  burner manifold by adjusting the fue l  and air f l o w  rate appropriately. One of 
t h e  burner stopcocks was then opened s l igh t ly  and the mixture was ignited a t  the 
burner port With a small p i lo t  flame. When a small stable flame was established, , 

t he  burner cock was quickly closed. The flame w a s  then e i ther  extinguished at 
the burner rim or  it flashed back down the tube. By successive adjustments of 
e i ther  fue l  or air rate t h a t  mixture composition was found fo r  which the flame Would 
jus t  fail t o  f l a sh  down the  tube on shutting off the flow. The experbent was re-  
peated for  each s ize  tube i n  turn, with mixtures on both the  lean and r i c h  s ide Of 
stoichiometric. 
mixture was on the  fuel-lean side. 
tained as the  igni t ion source near the emerging j e t  jus t  above the port. 

It was often not possible t o  es tabl ish a s table  flame when the 
In these cases, a smal l  pi lo t  flame was main- 

Subsequently, t e s t s  were made with several appliance burners, using the 
synthesized three-component mixture," i n  order t o  determine whether t he i r  
performance agreed w i t h  t h a t  expected from consideration of the quenching curves. 
Pertinent dimensions of the  appliance burners may be seen in  Table 11. 

* The three-component mixture was prepared t o  slrmilate closely the burning 
character is t ics  of a manufactured oil gas. 
that, the "synthetic" mixture reproduces the behavior of oil gas adequately 
f o r  these t e s t s .  

Extended experience has shown 



Burner 

A 

B 

C 

D 

E 

F 

G 

Range top 

Range top, 
r a v a b l e  
head 

Range top, 
removable 
head 

Water heatkr 

Hotel range 

Hotel range 

TABLE I1 

Appliance Burners Tested 

- Ports Por t  Dimensions 

Cylindrical 2.8 mn dianeter 

Cylindrical 2.95 rn diameter 

Rectangular 6.35 x 2.33 ma 

Square 2.57 x 2.57 nrn 

Cylindrical 2;7 mm diazneter 

Cylindrical 1/4" 

Cylindrical 5/16" 

Remarks 

Por ts  arranged in two 
c i rc les .  

Stax-shaped arrangement 

Designed f o r  natural gas 

Designed f o r  nranufactured 
@S 

Two m s  of ports 

Two concentric c i rc les  
designed for  manu- 
factured gas 

m e r  F d t e r  
eaLergi3q port s  

I n  a l l  cases the coinposition of the l k i t i n g  loixture which was quenched by the 
respective burners was determined for  a i r - fuel  mixtures richer in f u e l  than stoichio- 
metric. For three of the burners determinations were made with lean mixtures also. 
Only the  former are of pract ical  in te res t .  

Data were obtained'for all the  f u e l s  l i s t ed  in Table I with the glass bumerF. 
They are presented graphically in Figures 1-3, in which the proportions of air and 
fuel ,  represented by the value of F, in mixtures quenched by tubes of different  . 
diameters are plotted. F i s  the r a t io  of the percentage of gas in the cmbustible 
mixture t o  the percentage in a stoichiometric mixture of the f u e l  and air . ,  The 
region on the  concave side o f  the respective curves represents flashback conditions, 
while the region on the convex side represents quenching. 

The data observed with the several appliance burners a re  plotted in Figure 4. 
The solid curve represents the data obtained with t h e  group of seven glass burner 
tubes. The individual points plot ted represent the perfonnence of the  appliance 
burners indicated by the respective labels. 
type range-top burners, having rectangular or square ports, a re  plot ted at positions 
representing equivalent cylindrical ports as discussed in the following section. 

Data obtained with the removable head 

Discussion of Results 

Some of the curves-plotted in  Figures 1-3 may be compared with published 
data.(4) The purpose of using some of the fue ls  was t o  establish thus the val idi ty  
of the experimental results obtained with the a s s  tube 'ap2jaratus. 
the quenching curves for  methane and propane shown in Figures 1 and 2 are in agree- 
mnt with published experimental resul ts  within limits believed t o  be consistent 
with the purity of the compressed gases used. 

For example, 
, 



It w i l l  be observed thst all curves resemble inverted burning velocity curves, 
t h e  minirmM of the quenching curves occurring approximately at the a i r - f u e l  ra t io  
at w h i c h  t h e  mimum burning velocity occurs. 
B&oogressively, with respect t o  the nunirnm port diameter, in the same order as if 
-aged accordlng t o  their  rnaxirmun burning velocit ies.  
require the smaller minimum size port t? quench t h e  flame. 
burning," and t h e i r  quenching curves f a l l  below the  curve f o r  the  corresponding paraff' 
hydrocarbon. 

Moreover, the  fue ls  can be arranged 

The "faster burning'' gases 
The olefines a r e  "faster 

i The u t i l i t y  of t h e  results of th i s  investigation may be examined first by corn- 
paring the  observed performance of several appliance burners w i t h  t h e  data obtained 
in t he  laboratory quenching tests. For brevity, t h i s  w i l l  be l imited t o  performance 
w i t h  the simulated o i l  gas mixture. i 

Most range top  burners have cylindrical  ports ,  and pract ical  port  d iamters  ' 
i recamended by t h e  American Gas Association (1) minimize unsatisfactory performance 

because of flashback on extinction. There a re ,  however, some burners, of the re- 
movable head type, for example, and some commercial equipment which because of 
large port size  are c lass i f ied  as "cr i t ica l  burners" in t h i s  respect. 
they a r e  c r i t i c a l l y  responsive t o  t h e  proportion of oil gas which nay be mixed with 
natural gas. 

I That is, 

When tes ted  with the sinwlated o i l  gas mixture, it vas found that quenching I 

occurred with the  three  dr i l led  port domestic range top burners in conformity with 
results predicted from t h e  curve as indicated in Figure 4. 
senting the  observations a re  plotted on the  graph. For e m p l e ,  it Was found w i t h  
the star-shaped burner t h a t  flames vere extinguished quietly without flashback f o r  
all simulated. o i l  gas-air mixtures with F values greater than 1.4. 
port diaueters of these three burners are suff ic ient ly  small, t o  quench flames of all 
mixtures except those near stoichiometric proportions explains why the burners a re  
not "critical," since the norm3 operation is  with air-fuel mixtures far t o  the right 
of the  curve, at ,  say F D 1.6 - 1.8. 

' 
Performance points repre- 

The f a c t  that the; 

The small differences between the curve and t h e  performance points f o r  the 
respective appliance burners may be at t r ibuted t o  uncertainties in the actual port 
diameters (since measured diameters would tend t o  be too small) ,  or t o  inadvertent 
heating of the burner during an experiment. E i ther  reason would account f o r  di- 

, 

. vergence from the curve i n  the direction indicated. 

The removable-head burner results require fur ther  analysis, since the  ports 
are rectangulsr, and in addition t h e  port  axes are inclined at an angle of about 
45O t o  the ver t ical .  Berlad and Potter(2) have derived relationships theoretically 
on the  basis of a diffusion mechanism f o r t h e  combustion wave f o r  the difference in 
quenching effect  f o r  por t s  having different shapes. They give the following ex- 
pression for  the re la t ion  between rectangular dimensions and the  diameter of a 
circular  por t  which gives equivalent quenching effect:  

I 

According t o  t h i s  equation, t he  ports of the burner designed f o r  natural  g a s ,  bein@; 
0.635 x 0.238, would be equivalent i n  quenching effect  t o  a circular  port 0.342 cm 
in diameter. 
a side, and would be equivalent t o  c i rcular  ports  0.275 cm in diameter. Points are 
plotted 011 Figure 4 representing quenching by these two burner heads a t  the  equim- , 
l e n t  c i rcular  port  d ime te r s .  They a r e  displaced somewhat in the fuel-rich direction 

, 
SimiLarly, the  ports of the  manufactured gas head are square, 0.257 0n 



$and it is suspected that the displacement may be caused in p a r t  by the angle of the 

: a i r  mixture, as determined by the rate of f h n e  t rave l  in a mixture enclosed in a 
, v e r t i c a l  tube, depends on whether t h e  propagation is upward or  downward, due t o  

ports.  The basis for  t h i s  conclusion is that the a?Wrent burn- velocity of a fuel-  

buoyancy effects.  It is again dif?erent in horizontal tubes. Since quenching and 
burning velocity are direct ly  related, one would expect t o  detect buoyancy ef?ects 

i in quenching experiments. 
+ t h e  observed. 

<s ide .  
, fau l ty  operation. 

The direction of the exgected change corresponds viA& 
Practically,  then, the angle of the ports in these burners p e r n i t s  

t he  flashback to occur over a greater range of mixture conpositions on the Ss-ricl? 
In other Words, these burners are somewha t  more sensit ive t o  t h i s  type of 

A ring-type hotel  range burner was available for t e s t .  This is  considered a 

' originally designed. f o r  use with uanufactured gas, having 114" dimetelgports.  A 

\ 5/16". 
{ t ions were made first with- the  1/4" diameter ports. 
1 quenched are plotted in Figure 4. 

5/16" diameter and additional quenching t e s t s  made. ' data t h a t  the  increase in port s ize  increased the rich quenching limit from F = 1.5 
t o  F = 1.75. That is, the small ports  would quench the  flame of a much leaner nix- . ture (air-gas ra t io  = 5.8) c-ed with the  la rger  ports (air-gas r a t i o  only 4.8). 
Thus, by enlarging the  ports the burner became more "cr i t ica l"  w i t h  regard t o  flash- 
backand noise of extinction, since it is necessary t o  operate it at  lower aerations. 
In good practice this-  burner is adjusted to .entrain primary air in t h e  r a t i o  of hbout 
5.6 .to gas-when supplied w i t h  natural gas having a specific m v i t y  of 0.6. ,. In. Figure 5 the performance. point corresponding t o  t h i s  adjustment already falls 

) within the flashback region of the simulated o i l  gas curve. 
\ .having a specSic  gravity greater than 0.6 were supplied t o  the burner,. the  primary 

air-gas mixture would becoane even 1-er, in effect  moving the performance point ' further t o  the left. 

\ 
\ burners may be i l lus t ra ted  by the  folloring example. 

which often show t h i s  -type of c r i t i c a l  performance in practice include two d e l s  1, of dr i l led  port househeating conversion burners. It has not been possible t o  deter- 
, mine quenching limits Kith th i s  eqyipnent, but predictions of interest from labora- 

tory quenching data may be made of their  behavior. 

"c r i t i ca l"  burner with regard t o  noise of extinction. 

diameter thought t o  be more suitable when the  burner is sup9lied with natural gees is 

The exanple t e s t  d was 

I n  the tests w i t h  the simulated o i l  gas mixture in t h i s  laboratory determina- 
The limiting mixtures which were 

It is observed fran the plotted 
Following these tests 'the ports were dr i l led  t o  

As seen 

Lf mufac tu red  o i l  gas 

Further u t i l i t y  of l a b r a t o r y  quenching data in l i e u  of di rec t  tests on appliance 
Certain other appliance burners 

The performance points fa r thes t  t o  t h e  right indicated f o r  the conversion 
i 

burners in Figure 5 represent their respective port diameters and approximate 
normal primary air adjustment w i t h  natural gas. 
in place of t h e  natural gas its,greater specif ic  gravity w C L  result in a higher 

I prinoary air-gas rat io .  This corresponds t o  moving each performance point t o  the  
1 left (toward leaner mixtures) by an amount corresponding t o  the square root of the 

rat io:& the specific gravities of oil. gas and natural 'ms. ' of the oil gas were 0.8 the  change in aeration would be tavard the leaner mixtur-es 
~ indicated f o r  the  respective burners on the  graph. 

fhshback  region for  the simulated oil gas. ' were observed in-experiments w i t h  an actual  manufactured o i l  gas, its quenching curve 
1 C m o t  be substantially nearer t o  stoichiometric proportions than that f o r  the  
. sada ted  oil gas used in these experiments. 

gas were available the aeration adJustnent of these burners on natura l  @as could be 
k'deterPLined which would avoid t h i s  fau l ty  performance when uzimfactured o i l  @s i s  
I substi tuted.  A d e r  primary a i r -qs  r a t i o  would be required. 

If manufactured o i l  gas is  supplied 

If the specif ic  gravity 

These points l i e  within the 
Since flashback and noise of extinction 

If the quenching c y v e  f o r  the oil 

I 

B It should be noted t h a t  the quenching data make no reference t o  the  occurrence 
of yellow flemes. 
carbon monoxide in combustion products at lover aerations would E r k  other limits 

The appearance of yeUow t i p s  or t he  occurrence of t races  of - 



I of pract ical  adjustment in t h a t  direction. 

clear-cut l imitat ion of the u t i l i t y  o r  "interchangeability" of t h e  o i l  gas would i n  
that  case be imposed by such appliance burners. 
and noise of extinction, however, permits a quantitative evaluation of t h i s  difficulty 
and of required remedies not provided in any e a r l i e r  studies on the subject.  

It is  clearly possible tha t  there may be 
no air shutter adjustment compatible w i t h  the  avoidance of a l l  these faults. A i 

The present approach t o  flashback 

summary 

1. An experimental study has been made of the quenching of flames by burner 
ports  of different diameters. The observed data are plotted as curves showing I 
t h e  re lat ion between por t  diameter and the composition of the combustible fuel-air  
mixtures just  f a i l i n g  t o  f l a s h  back tkough the  ports .  
were studied, in addition t o  natural  gas and a synthetic mixture of hydrogen, methane, 
and ethylene simulating the  cabus t ion  properties of manufactured o i l  gas. 

Five simple hydrocarbon gases 

<, 

2. Quench- was  a l s o  studied with certain appliance burners. It was found 
that quenching occurred w i t h  these burners when they were supplied with combustible 
mixtures of air end simulated o i l  gas having compositiws predicted from the curve 
03tsined with g l a s s  laboratory t e s t  burners. 

3. The performance or' some of these burners when supplied with manufactured 
o i l  gas has been regarded as "cr i t ical"  in limiting the proportion of o i l  gas in 
mixtures with natural  gas which may be distributed during periods of peak demand. 
The reasons f o r  t h i s  "c r i t i ca l"  behavior are examined in the  l i g h t  of the quench- 
theory. As a result, appropriate air-shutter adjustments are suggested by the data 
which w i l l  a l lev ia te  t h i s  diff icul ty .  (The occurrence of yellow-ti ped flames w i l l .  
represent a l imitat ion of air-shut ter  adjustment a t  lower aerations!. 

4. Thus, t h e  phenomena of flashback on shutoff and noise of extinction, 
encountered in t h e  prac t ica l  operation of some gas appliances, are clar i f ied with 
t h e  a i d  of fundamental flsme s t a b i l i t y  theory. 

It is a pleasure t o  acknowledge the assistance of M r .  Edward E a r l y  in 
carrying out many of the measurements reported here. 



Nomenclature 

x = quenching distance 

k = thermal conductivity 

s = burning velocity 

c = heat capacity per unit volume 

f = a dimensionless geometric factor 

Tf = flame temperature 

Ti = ignition temperature (also sometimes referred to in these relations 
as quenching temperature) 

To = unburned gas temperature 

F = fraction of stoichiometric gas in combustible mixture 

percent gas in mixture 
percent gas in a -stoichiometric mixture 

dc = diameter of circular 

$ = width of rectangular port 

b, = length of rectangular port 
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FRACTION OF STOICHIOMETRIC GAS - F. 
Figure 5 .  Quenching with-Oaa Appliance Burners;  

Batural Gas and Simulated Oil Gaa )urture. 


